A GING affects all tissues and leads to a progressive deterioration of their function and to the decreased ability to maintain homeostasis. Consequently, aging is a powerful risk factor for aging-related diseases, that is, conditions that might negatively affect the length of life (1) . It is suggested that during the course of aging, centenarians usually perform better than individuals not predisposed to longevity (2) . However, centenarians do not constitute a homogenous group (3, 4) , and factors influencing their aging phenotype and survival are not clearly defined. The latest molecular studies suggest that survival beyond 100 years might be associated with favorable variants of the TOMM40/APOE and FOXO3 genes (5-7), whereas other proposed associations are still not consistently replicated. In addition, aging and survival also depend on epigenetic drift reflecting the exposure of an individual to environmental factors, as well as on stochastic factors (8, 9) . While awaiting identification of molecular predictors of extreme longevity, major efforts have been made to identify clinical predictors of this phenotype. Studies performed in mixed populations of the oldest old (aged 85+) showed that longer survival is independently associated with, among others, a better cognitive status, better functional performance, absence of cardiac disease, younger age, female sex, less frailty, a higher systolic blood pressure, and an elevated level of thyrotropin (10) (11) (12) (13) (14) (15) (16) . Nevertheless, there is a need to confirm these observations in a large cohort of people reaching the extreme longevity. Until now, studies of centenarians in Central and Eastern Europe were scarce, and the Polish Centenarians Programme, to the best of our knowledge, is the first large-scale research project dedicated to such individuals in this region (17) . Therefore, we hypothesized that in Polish centenarians, cognitive and physical performance might be the best nongenetic predictors of the length of remaining life. To verify this hypothesis, we analyzed the health, social status, and survival of individuals aged 100+ at the time of enrollment into this study.
Methods

Study Participants
Details of recruitment to the Polish Centenarians Programme are described in Mossakowska and colleagues (17) . The response rate was 82.5% in the capital city, whereas in small cities and rural areas, it reached 99% of eligible participants. Four hundred and one individuals, constituting approximately 20% of the population of Polish centenarians, were visited at their places of residence. Their age was verified by at least two independent criteria (certificate of birth, baptism, or marriage, passport, identity card, school reports, etc.). Age of 100+ was proved in 346 cases; however, because in 6 cases the exact date of birth could not be established, 340 individuals were finally included in the study (Table 1) . Centenarians underwent an examination including elements of comprehensive geriatric assessment. A questionnaire regarding their economic, social, and demographic status, lifestyle, and medical history was completed. Survival of study participants was checked annually using data from the Population Register; the last database access in November 2012 indicated that 339 centenarians had died and that only one (female) was still alive. The total number of person-years of observation was 670.
The study was approved by the Bioethical Committee at the Central Hospital of the Military Medical Academy in Warsaw. Centenarians or their relatives gave a written, informed consent for participation in the study.
Mini-Mental State Examination, Activities of Daily Living, and Instrumental Activities of Daily Living
Assessment of cognitive function was performed using the Polish version of Mini-Mental State Examination (MMSE). The absolute score attained (0-30 points) was subsequently adjusted for a variety of disabilities (hypoacusis, blindness, motor deficits, and illiteracy) affecting the MMSE results: The absolute score was divided by the number of points that could be attained despite disability, and multiplied by 30, giving the so-called adjusted MMSE (MMSE adj ) score. Based on the MMSE adj , centenarians were divided into four groups: ≥25 points indicated normal cognition, 20.1-24.9: mild, 10.1-20: moderate, 10 or less: severe cognitive impairment. This arbitrary division was justified by the lack of the accepted values for this age group and by the difficulty to distinguish cognitive impairment associated with aging from that associated with dementia (18, 19) .
Physical performance was evaluated with the Katz Activities of Daily Living (ADL) and the Lawton Instrumental Activities of Daily Living (IADL) scales. On the basis of the ADL assessing six basic activities (rated 1 if independent and 0 if dependent in performing a given activity), centenarians were divided into three groups: independent scoring 5-6 points, partially dependent scoring 3-4 points, and totally dependent scoring 0-2 points.
In women, the IADL assessed all eight domains (each rated 3 if independent, 2 if partially dependent, and 1 if totally dependent), whereas in men, food preparation, housekeeping, and laundry were not taken into account because they had never been performed by the majority of male study participants. In addition, some other IADL tasks, such as using the telephone or handling medications, had never been performed by some study participants. If the Notes: ADL = Activities of Daily Living; CRP = C-reactive protein; CVD = cardiovascular disease; DM2 = type 2 diabetes; HDL = high-density lipoprotein; IADL = Instrumental Activities of Daily Living; LDL = lowdensity lipoprotein; MI = myocardial infarction; MMSE = Mini-Mental State Examination.
number of tasks ever performed was six or less for a woman and three or less for a man, her/his IADL score was not included in further analyses. Next, to allow interindividual comparison, the adjusted IADL (IADL adj ) score was calculated: The absolute number of points obtained was divided by the number of ever performed tasks and multiplied by 8. Because there are no established limits, the IADL adj score was arbitrarily divided into three equal subranges. Individuals with IADL adj scores of 18.67-24 points were considered independent, these with 13.34-18.66 pointspartially dependent, and these who scored 8-13.33 pointstotally dependent.
Blood Analysis
Blood samples were obtained from 181 centenarians (53.2% of study group); 14 refused blood sampling and the remaining 145 participants lived too far from the central laboratory. Biochemical parameters were assessed using routine laboratory techniques (17) .
Statistics
To assess correlation of various factors with the MMSE, MMSE adj , ADL, and IADL adj scores, the nonparametric Spearman's rank correlation coefficient was used because distributions of most quantitative variables were not normal. A Kaplan-Meier plot was used for presentation of survival curves that were compared with the log-rank test. The Cox proportional hazards model was used for univariate and multivariate survival analyses. Hazard ratio (HR) of death and its 95% confidence intervals (95% CIs) were calculated for the association of analyzed variables with the survival time. p value < .05 was considered statistically significant. The Statistica v.10 was used.
Results
Predictors of Better Cognitive Performance
The MMSE was completed in 86.5% (n = 294) of centenarians. The remaining study participants were not tested due to deafness (n = 20), refusal (n = 10), death (n = 3), and other reasons (n = 5). In addition, some MMSE data were missing in eight cases and these individuals were not included into the analysis. The absolute and MMSE adj scores highly correlated with each other (r = .9875, p < .000001). Nevertheless, the majority of the results are presented only for MMSE adj because it assesses the cognitive status independently of disabilities that are common in centenarians. According to MMSE adj , 11.6% of the tested group had a normal cognitive function, 14.6% had a mild, 39.8% had a moderate, and 34% had a severe cognitive impairment. Males (14.6% of the tested group) performed better than females and constituted 20.6% of the group with normal cognition, 20.5% with mild, 16.2% with moderate, and only 8.1% of the group with severe cognitive impairment, but the level of significance has not been reached. Factors significantly correlating with the MMSE adj scores are listed in Table 2 . Factors not correlating with the MMSE adj score were sex (as mentioned earlier), history of stroke, cardiovascular disease, myocardial infarction, type 2 diabetes, mean diastolic blood pressure, mean heart rate, and levels of C-reactive protein, total cholesterol, low-density lipoprotein cholesterol, triglycerides, glucose, hemoglobin, and homocysteine.
Predictors of Better Physical Performance
The ADL was completed in 98.2% (n = 334) of centenarians. In five study participants, data were missing and one participant died before assessment. Of all tested centenarians, 32.9% were independent, 24.6% partially dependent, and 42.5% totally dependent in performing the ADL tasks. Males (14.1% of the tested group) constituted 16.4% of the independent, 14.6% of the partially dependent, and 10.6% of the totally dependent groups. Factors significantly correlating with the ADL score are shown in Table 3 . Sex, stroke, cardiovascular disease, myocardial infarction, type 2 diabetes, level of education, years of education, period of physical work, mean heart rate, and levels of triglycerides, total cholesterol, low-density lipoprotein cholesterol, glucose, hemoglobin, and homocysteine did not correlate with the ADL performance.
The IADL was completed in 95.5% (n = 326) of centenarians. It was not performed in five study participants due to refusal and in one case due to death before assessment. In addition, some data were missing in five cases and were unreliable in three other cases. According to IADL adj , of the tested group, 10.1% were independent, 17.5% were partially dependent, and 72.4% were totally dependent. Males (12.9% of the tested group) constituted 15.2% of the independent, 22.8% of the partially dependent, and 10.2% of the totally dependent groups. Factors correlating with the IADL adj score are listed in Table 3 . Sex, stroke, cardiovascular disease, myocardial infarction, type 2 diabetes, mean heart rate, and levels of C-reactive protein, total cholesterol, low-density lipoprotein cholesterol, triglycerides, glucose, hemoglobin, and homocysteine did not correlate with the IADL performance.
Predictors of Survival
The 1-year mortality rate for all centenarians was 0.356. In the univariate analysis, longer survival was associated with a higher MMSE adj score: HR = 0.966 per each MMSE adj point (95% CI: 0.954-0.978, p < .000001), higher ADL score: HR = 0.865 per each ADL point (95% CI: 0.820-0.913, p < .000001), and a higher IADL adj score: HR = 0.951 per each IADL adj point (95% CI: 0.927-0.975, p = .00008). Older age at the time of examination predicted shorter survival: HR = 1.112 per each additional year (95% CI: 1.032-1.197, p = .005). In addition, a higher mean systolic blood pressure and a higher mean pulse pressure were also associated with longer survival, but these associations did not reach the level of significance. According to the univariate analysis, sex, heart rate, heart rhythm, mean diastolic blood pressure, mean arterial pressure, history of stroke, cardiovascular disease, myocardial infarction, type 2 diabetes, levels of total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides, glucose, C-reactive protein, homocysteine, and hemoglobin, smoking, level of education, years of education, and length of physical work were not associated with the survival of centenarians.
Results of the univariate analysis were consistent with Kaplan-Meier survival curves (Figures 1 and 2) . Log-rank test showed that centenarians classified according to their MMSE adj scores as cognitively normal or mildly or moderately impaired survived significantly longer than those severely impaired (p = .00001, p < .00001, and p = .00014, respectively). Survival of individuals with normal cognition, mild, and moderate impairment was not significantly different ( Figure 1) . Log-rank test also confirmed the predictive importance of the ADL score: Individuals independent in performing the ADL tasks survived longer than those who were partially or totally dependent (p = .034 and p < .00001, respectively). The difference in survival between partially and totally dependent groups was not significant. Individuals classified as independent and partially dependent according to their IADL adj scores survived significantly longer than those who were totally dependent (p = .00089 and p = .015, respectively), whereas the survival of individuals independent and partially dependent was not different ( Figure 2 ).
Next, we tested two statistical models including the MMSE adj score, sex, age, and the ADL (Model 1) or IADL adj (Model 2) scores (Table 4) . Because Figures 1 and 2 show that the proportional hazards assumption is reasonable, the Cox proportional hazards model was used. This analysis was performed in 294 and in 287 centenarians, respectively. We found that a higher MMSE adj score remained significantly associated with longer survival in both Model 1 and Model 2: HR = 0.978 (95% CI: 0.964-0.993, p = .004) and HR = 0.973 (95% CI: 0.958-0.988, p = .0006) per each MMSE adj point, respectively. In addition, the analysis showed that a higher ADL score remained a good predictor of survival, even when the MMSE adj score was accounted for: HR = 0.900 per each ADL point (95% CI: 0.842-0.962, p = .002). Neither the IADL adj score nor age at the time of test execution or sex was associated with centenarians' survival in this multivariate analysis (Table 4) .
The separate analysis of subgroup of individuals with normal or mildly impaired cognition (n = 78) did not show any significant predictors of survival. However, the statistical power of this analysis was low due to the small subgroup size.
Discussion
In this work, we show that the best predictors of survival in centenarians are cognitive function and physical performance. Our results are in agreement with those of previous studies (20) (21) (22) . However, the strength of our analysis resides in the high number of examined centenarians and in the fact that all but one of them had reached the primary end point (death). The reliability of these results is further strengthened by the fact that identical results were obtained by scientists using not only the same but also a different Figure 2 . Kaplan-Meier survival curves of centenarians classified according to their Activities of Daily Living (ADL) and adjusted Instrumental Activities of Daily Living (IADL adj ) performance. The 1-year mortality rates were 0.227 for independent, 0.390 for partially, and 0.437 for totally dependent in performing the ADL tasks, and 0.125, 0.263, and 0.411, respectively, in performing IADL adj tasks. Individuals independent in performing the ADL tasks survived significantly longer than partially or totally dependent (p = .034 and p < .00001, respectively). Individuals classified as independent or partially dependent according to their IADL adj scores survived significantly longer than totally dependent (p = .00089 and p = .015, respectively). (20) . On the other hand, we did not find any correlations between the biochemical blood parameters studied and survival, whereas others did (20) .
Possible explanations why cognitive function is a good predictor of survival are still speculative. It might be that cognition is the most sensitive indicator of overall health and, therefore, association between mortality and cognition only reflects the association of mortality with morbidity. Another explanation is that cognitive dysfunction indirectly affects survival because individuals with cognitive deficits have difficulties recognizing and reporting worrisome signs and symptoms so that this might lead to underdiagnosis of medical conditions. In addition, impaired individuals have problems with managing treatment requirements such as drug administration, do not eat properly composed meals, and tend to be physically inactive. Yet, another possible explanation is that altered cognition either reflects or coexists with alterations in the function of the brain, the supreme organ controlling all physiological functions of the organism. Therefore, even subtle changes in the brain could have a pronounced impact on body function via impaired secretion and function of neurotransmitters, neurohormones, and hormones, which could affect survival.
Association of the ADL score with mortality might also reflect the association of mortality with morbidity (16), with effects of poor diet and physical inactivity, or with the process of aging itself. The ADL performance is strongly connected to the concept of frailty (23) (24) (25) and it would be of great interest to analyze the association of ADL, frailty, and mortality but, unfortunately, not all criteria of frailty were included into our research protocol. Based on the available data, we assume that the majority of Polish centenarians fulfilled such criteria, which is consistent with the findings of other authors (24) . Nonetheless, such an assumption was not sufficient to perform correlation between the frailty index and survival in our study group.
Although age is a major risk factor for aging-dependent diseases that might shorten the length of life, in our cohort survival did not correlate with a history of such diseases. This corroborates the epidemiological observations performed on other ethnic groups, showing that extreme longevity might be achieved also by those who actually suffer from aging-related diseases. However, in long-lived individuals, such diseases usually develop late in life, and we also observed the compression of morbidity in our study participants (3, 4, 24) .
In practically all ethnic groups, the mortality of men is higher than that of women but the difference decreases with age (http://epp.eurostat.ec.europa.eu/portal/page/ portal/eurostat/home/) and, eventually, mortality of both sexes becomes similar (26) . It is then not unexpected that regardless of the better average cognitive and functional performance of centenarian men (3, 27, 28) , sex was not an important predictor of survival in our study group. In younger individuals, the decreasing levels of sex hormones (29) are associated with an increasing risk of development of frailty, unfavorable body composition, osteoporosis, cognitive impairment, etc. (29) (30) (31) (32) , and with higher mortality (33) . Because the levels of circulating sex hormones are lowest in centenarians (http://www.okicent.org/study.html), one could expect an increased low-sex-hormone-related morbidity and mortality in these individuals, but morbidity is not higher than that of younger participants (2) and morbidity was not associated with mortality in our study. We therefore propose that the modulatory effect of sex hormones on morbidity and mortality is not crucial in exceptionally long-lived humans.
Our study has some weak points. First, not all factors previously indicated as being predictive of survival in elderly populations were taken into account, such as the frailty index and endocrine markers (24, 25, 34) . Second, not all centenarians had their blood drawn. However, the chance of bias, in our opinion, is quite low because centenarians were not preselected on the basis of any health or social conditions. Third, information regarding morbidity was obtained from centenarians and their caregivers and verified with medical records held by them at home, but not by other medical records due to the lack of access to the primary health care data system.
In conclusion, our data support the notion that the best predictors of survival of long-lived humans are cognitive and physical performance. This finding seems to be important as more and more data indicate that functional and cognitive decline might be delayed by lifestyle interventions. In addition, because the number of extremely old individuals rapidly increases worldwide, the health status of centenarians and methods of its evaluation will soon become an important issue of public health.
